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(57) ABSTRACT 

A?uctuation of a transistor characteristic is calculated based 
on deviation of the value measured for each of speci?ed 
steps, and total ?uctuation of the transistor characteristic is 
calculated for the previous steps prior to an annealing step. 
The processing temperature of the annealing step is con 
trolled to cancel the total ?uctuation of the transistor char 
acteristic caused by the previous steps to obtain a designed 
transistor characteristic. The control of the processing tem 
perature is effected for each Zone of a Wafer. 
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LAMP ANNEALER AND METHOD FOR 
CONTROLLING PROCESSING 
TEMPERATURE THEREOF 

BACKGROUND OF THE INVENTION 

(a) Field of the Invention 
The present invention relates to a lamp annealer for use in 

a semiconductor fabrication process and a method for con 
trolling the processing temperature thereof. 

(b) Description of the Related Art 
Conventionally, the characteristics of MOS transistors 

have been controlled by adjusting the amount of impurities 
injected under the gate insulator ?lm. On the other hand, 
along With the development of ?ner patterning of the semi 
conductor device, the alloWable margin in each manufac 
turing step has been reduced. Especially, the transistor 
characteristic, such as the threshold voltage of the MOS 
transistor, greatly depends on the shape of the vicinity of the 
gate electrode, the dimension of the gate length, and the 
thickness of the side-Wall ?lm formed on the gate electrode. 
In this respect, the control of the transistor characteristic is 
generally impossible after the gate electrode is formed in the 
conventional technique. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a lamp 
annealer and a method for controlling the processing tem 
perature of the lamp annealer, Wherein one or more of the 
transistor characteristics of the ?nal product can be adjusted 
by changing the processing conditions effected by the lamp 
annealer system. 

The present invention provides a lamp annealer system 
including a processing chamber for receiving therein a 
Wafer, a lamp block including a plurality of Zone segments 
each capable of heating a corresponding portion of the Wafer 
at an output poWer independent of the output poWer of the 
other Zone segments, a plurality of thermometers each for 
measuring a temperature of a corresponding portion of the 
Wafer, and a control section for controlling an output poWer 
of each of said Zone segments of said lamp block based on 
the temperature measured by a corresponding one of the 
thermometers. 

In accordance With the lamp annealer system of the 
present invention, the lamp block, including a plurality of 
Zone segments, Which are capable of being controlled for the 
output poWer thereof independently of each other, enables 
the in-plane ?uctuations of a transistor characteristic on the 
Wafer surface to be reduced, by controlling the temperature 
of each of the Zone segments of the lamp block. 

The present invention also provides a method for fabri 
cating a semiconductor device including the steps of mea 
suring a value of an item of a processing condition for a 
Wafer in each of speci?ed Work steps, the item affecting a 
transistor characteristic of a ?nal product obtained from the 
Wafer, calculating a ?uctuation in the transistor characteris 
tic caused by the value of the item, adding the calculated 
?uctuations together in the speci?ed Work steps prior to an 
annealing step to calculate a total ?uctuation, annealing the 
Wafer While controlling a processing temperature based on 
the total ?uctuation and a numerical eXpression shoWing a 
relationship betWeen the processing temperature and the 
transistor characteristic. 

In accordance With the method of the present invention, 
the ?uctuations (or variations) of the transistor 
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2 
characteristic, such as the threshold voltage, break doWn 
voltage, and operational speed of a MOS transistor, can be 
reduced by controlling the annealing temperature during the 
lamp annealing step. 

In a preferred embodiment of the method of the present 
invention, the lamp block used in the lamp annealing pro 
cessing has a plurality of Zone segments capable of being 
controlled for the output poWer thereof independently of 
each other, thereby reducing the in-plane variation of the 
transistor characteristic on the Wafer surface. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram shoWing a processing tempera 
ture control system of a lamp annealer according to an 
embodiment of the present invention. 

FIG. 2 is a schematic diagram shoWing the structure of the 
processing chamber and accessories of the lamp annealer of 
the embodiment. 

FIG. 3 is a diagram shoWing Zone segments of the lamp 
block of the lamp annealer of the embodiment. 

FIG. 4 is a ?oWchart shoWing an eXample of operations of 
the processing temperature control system of the embodi 
ment. 

PREFERRED EMBODIMENTS OF THE 
INVENTION 

NoW, concrete eXamples of the present invention Will be 
described beloW. HoWever, the present invention is not 
limited to the eXamples described beloW. 

Referring to FIG. 1, a processing temperature control 
system according to an embodiment of the present invention 
includes an in-line host computer 11 for implementing an 
in-line lot control section and a data base of the Work history 
effected until the previous step, and a control block of the 
lamp annealer 12. 
The control block of the lamp annealer 12 includes a 

storage section 14 for storing data for one or more of the 
transistor characteristics, such as the threshold voltage (VT), 
breakdoWn voltage (BVDS) and operational speed (ION) of 
the transistors in the Wafer, an input means 16 for inputting 
data to the storage section 14, a calculating section 15 for 
calculating the data, and a control section 13 for receiving 
the stored data from the storage section 14 and the calcu 
lating section 15 to control the lamp annealer 12. The arroWs 
illustrated in FIG. 1 mean the directions of the information. 

In addition, the lamp annealer 12 has a structure as a 
processing chamber and accessories thereof shoWn in FIG. 
2. More speci?cally, the lamp annealer 12 includes a pro 
cessing chamber 17 having a structure capable of being 
sealed from the open air during processing a Wafer 25, a 
circular lamp or lamp block 18 including a plurality of 
annular Zone segments 181 to 18N arranged in a radial 
direction for heating respective areas of the Wafer, a gas inlet 
port 19 for introducing a process gas to the processing 
chamber 17, a gas eXhaust port 20 for eXhausting the process 
gas from the processing chamber 17, a Wafer support mem 
ber 21 for supporting the Wafer 25, a drive section 23 for 
rotating the Wafer support member 21, and a plurality of 
pyrometers 221 to 22N each for measuring the Wafer tem 
perature at a speci?ed position on the bottom surface of the 
Wafer 25. 

The Wafer 25 under processing is located on the Wafer 
support member 21. The lamp block 18 is divided into “N” 
Zone segments 181, 182, . . . 18N , and can be adjusted in the 
output poWer of the lamp block for each of the Zone 
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segments 181, 182, . . . 18N. In addition, the pyrometers 221, 
222, 22N are disposed corresponding to the Zone segments 

1, 2, . . . 18N of the lamp block 18 in a one-to-one 

correspondence, Whereby the pyrometers 221, 222, . . . 22N 
monitor the Wafer temperature for respective Zone segments 
of the lamp block 18. FIG. 3 shoWs the top plan vieW of the 
Zone segments of the lamp block 18, Wherein annular Zone 
segments 181, 182, . . . 18N having a substantially equal 
Width are arranged in a radial direction. 

Next, an exempli?ed operation of the system Will be 
described With reference to FIGS. 1 to 4 and Tables 1 and 2. 
In Tables 1 and 2, condition items include items Which affect 
the transistor characteristics, such as gate length and the 
thickness of the gate side-Wall ?lm Which are determined by 
the actual process conditions. “X” is the parameter for each 
item to be used for de?ning the speci?ed transistor charac 
teristic (or threshold voltage VT), and Y1 to Y” are design 
values or standard values for the respective items. In this 
example, it is assumed that the threshold voltage VT is 
affected by quadratic of the parameter for each item, as 
shoWn by the columns of the expression for VT. 

In FIG. 4, When a Wafer is introduced to each of speci?ed 
Work steps, the in-line host computer 11 recogniZes the 
Wafer (step 1) and transfers the lot code “A” thereof to the 
control section 13 of the lamp annealer 12 (step 2). The 
control section 13 retrieves, from the storage section 14, the 
matrix An‘ shoWn by Table 1 corresponding to the ?nal 
product de?ned by the lot code “A” (step 3). The lot code 
de?nes the type of the ?nal product as Well as the lot number 
of the Wafer. 

The matrix An‘ includes columns for condition items (X1 
to XN: such as the dimension of gate length, and the 
thickness of the side-Wall ?lm), the design values or stan 
dard values for the items, and relational expressions shoW 
ing the relationships betWeen the condition items and the 
speci?ed item (VT) of the transistor characteristics. The 
columns for condition items, design values and the expres 
sions for VT are ?lled beforehand With the data input by the 
external input means 16, Whereas the remaining columns are 
blank at this stage. 

The control section 13 requests the data for the blank 
columns of the matrix An‘ from the in-line host computer 11, 
and the data S1 to Sn obtained by measurements in the 
respective Work steps are transferred from the in-line host 
computer 11 to the control section 13. Then, some of the 
columns of the matrix Bn‘ shoWn in Table 2 are ?lled (step 
4) With the transferred data S1 to S”. 

The control section 13 transfers the matrix Bn‘ to the 
calculating section 15, Which calculates a VT ?uctuation 
VT1, VT2, . . . VT” for each item (step 5). Based on these 
VT ?uctuations VTl, VT2, . . . VTn of the respective items, 
the total ?uctuation VT(total)=Z VTn is calculated (step 
6). 

Subsequently, a numerical expression (VT=cZ+d), 
Wherein “Z” is the lamp anneal processing temperature, “c” 
and “d” are constants, is transferred from the storage section 
14 to the calculating section 15 (step 7). The numerical 
expression is registered corresponding to the type of the ?nal 
product de?ned by the lot code and shoWs the relationship 
betWeen the lamp anneal processing temperature and the 
threshold voltage VT of the transistor. Then, the lamp anneal 
processing temperature is calculated based on the numerical 
expression and the total ?uctuation VT(total) so as to cancel 
the total ?uctuation VT(total) by selecting the calculated 
processing temperature (step 8). 

The matrixes A1 to AN are prepared beforehand corre 
sponding to respective Zone segments of the lamp block 18, 
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4 
Whereby the processing temperature for each Zone segment 
is calculated based on the numerical expression and the total 
?uctuation. The calculated temperatures are delivered to the 
control section 13, Which adjusts the output poWer of each 
Zone segment for processing the Wafer by selecting the 
calculated processing temperature for the lamp anneal pro 
cessing temperature (step 9). 

Thus, according to the present embodiment, by predicting 
the ?uctuations of the transistor characteristic until the 
previous step prior to the lamp annealing step and changing 
the heat processing temperatures Within the Wafer surface, 
the in-plane variations of the characteristic can be reduced. 

In the above embodiment, the calculation for VT and the 
processing temperature is conducted by assuming that the 
relationship betWeen each condition item and VT is qua 
dratic and the relationship betWeen the lamp anneal tem 
perature and VT is linear. HoWever, The number of expo 
nential order in the relational expression can be selected by 
conducting experiments. In addition, it is assumed in the 
above embodiment that the relational expression betWeen 
each item and VT is not affected by the measurements for the 
other condition items. HoWever, if a plurality of relational 
expressions for VT are input beforehand by the external 
input means for respective cases of the measurements of a 
speci?ed condition item, the relational expression for VT 
may be automatically changed for calculation based on the 
actual measurement of the speci?ed condition item. 

In the above embodiment, the relational expression 
betWeen the condition item and VT as Well as the numerical 
expression betWeen the lamp anneal processing temperature 
and VT are stored in the storage section 14 of the lamp 
annealer 12, and the calculation is conducted by the calcu 
lating section 15 in the lamp annealer 12. HoWever, since a 
large amount of data for the measurements until the previous 
step must be doWnloaded from the in-line host computer 11 
to the lamp annealer 12 in the present embodiment, there is 
some draWback that the throughput of the system is not 
satisfactory. 

In an alternative, the functions of the storage section 14 
and the calculating section 15 are allocated to the in-line host 
computer 11. In this con?guration, the processing conditions 
can be determined before the lot is introduced to the lamp 
anneal step, Whereby a higher through-put can be obtained. 
According to the present invention, the processing 

condition, i.e., the in-plane temperatures of the Wafer surface 
effected by the lamp annealer, can be automatically deter 
mined based on the Work history of the Wafer until the 
previous step, thereby alloWing change of the processing 
condition so as to adjust the transistor characteristic of the 
?nal product. In other Word, by predicting the ?uctuations of 
the characteristic until the previous step and changing the 
processing temperatures Within the Wafer surface, the 
in-plane variations of the characteristic can be reduced. 
What is claimed is: 
1. A lamp annealer comprising: 
a processing chamber for receiving a Wafer; 
a plurality of annealing lamps in communication With said 

processing chamber for heating said Wafer, each 
annealing lamp individually heating a different Zone 
segment of said Wafer; 

a plurality of temperature sensing devices for measuring 
a temperature of a corresponding Zone segment; 

a data storage section for storing measured physical 
characteristic values and design physical characteristic 
values of each transistor of the Wafer; 

a controller for calculating a transistor operational char 
acteristic ?uctuation based on a function of both the 



US 6,469,284 B1 
5 

measured physical characteristic values and the design 
physical characteristic values and for controlling an 
output poWer of each said plural annealing lamps based 
on the calculated transistor operational characteristic 
?uctuation. 

2. The lamp annealer according to claim 1, Wherein the 
plural temperature sensing devices measure different tem 
peratures of said Wafer at each Zone segment. 

3. The lamp annealer according to claim 1, Wherein the 
measured physical characteristic values are at least one of 
gate length and sideWall ?lm thickness. 

4. The lamp annealer according to claim 1, Wherein the 
transistor operational characteristic is one of threshold 
voltage, break doWn voltage and operational speed of a 
MOS transistor. 

5. A method of adjusting lamp anneal processing tem 
peratures Within a Wafer surface, comprising the steps of: 

placing a Wafer into a processing chamber of a lamp 
annealer; 

retrieving a data matrix from a storage section of the lamp 
annealer, the data matriX comprising transistor design 
physical characteristic data; 

doWnloading transistor measured physical characteristic 
data from an in-line host computer to a control section 
of the lamp annealer; 

calculating a transistor operational characteristic ?uctua 
tion from the measured physical characteristic data; 

calculating the lamp anneal processing temperature from 
the transistor operational characteristic ?uctuation; 

adjusting an output poWer of an anneal lamp to process a 
Wafer at the calculated lamp anneal processing tem 
perature. 

6. A method of adjusting processing temperatures Within 
a Wafer surface, comprising the steps of: 
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6 
measuring at least one physical characteristic of a gate 

electrode of a MOS transistor on a Wafer; 

calculating a ?uctuation of a transistor operational char 
acteristic of the MOS transistor based on the measured 

physical characteristic; and 
annealing the Wafer While controlling a processing tem 

perature based on the calculated ?uctuation in the 
transistor operational characteristic. 

7. The method as claimed in claim 6, Wherein in said 
measuring step, the physical characteristic measured is one 
of i) a value of a gate length and a sideWall thickness and ii) 
both the gate length and the sideWall thickness. 

8. The method according to claim 7, Wherein in said 
calculating step, a total ?uctuation of the transistor opera 
tional characteristic is calculated based on each physical 
characteristic. 

9. The method according to claim 6, Wherein the transistor 
operational characteristic is selected from one of threshold 
voltage, break doWn voltage and operational speed of the 
MOS transistor. 

10. The method according to claim 6, Wherein the tran 
sistor operational characteristic is threshold voltage and in 
said calculating step, the threshold voltage is calculated for 
each of a plurality of Zone segments of the Wafer, and in said 
annealing step, the processing temperature is controlled for 
the plural Zone segments. 

11. The method as claimed in claim 10, Wherein in said 
annealing step, the processing temperature is controlled for 
the plural Zone segments at different temperatures for each 
Zone segment. 


